example, older people who are unaware of memory deficits may continue to engage in potentially dangerous tasks such as cooking, automobile driving, or traveling. Conversely, those with good memory but who believe they are impaired may seek unnecessary evaluations or treatment and limit their activities needlessly. The ability to estimate one's own memory, often referred to as "metamemory," has been evaluated in previous studies with conflicting reports regarding accuracy. Although some studies'-' have su ested that metamemory is mostly accurate, other studies6-'fhave demonstrated little relationship between memory complaints and actual impairment. Several reasons may account for these conflicting findings, including different study populations, different definitions of accuracy, and the possibility of subgroups with different levels of concordance. It seems that the question is not so much whether people can assess their memory, but which characteristics define those individuals with poor metamemory. This study examines memory complaint in a large national sample of older people aged 270.
The initial objective of this study involved defining "inaccuracy." There are two general ways that people can inaccurately assess their memory. First, there are those people whose memory is poor, yet they do not acknowledge it. Second, there are those who have good memory, yet they report impairment. The former group may not acknowledge impairment because the factors that lead to memory impairment may also compromise one's ability to assess memory, i.e., intact memory and other cognitive rocesses that may be individuals may be aware of their deficits, yet they are hesitant to report them because they assume reasonably that others may impose restrictions on their independent functioning. Moreover, the accurate assessment of memory may be a difficult and complex task, whether one is impaired or Most research on metamemory asks subjects a general question such as, "How would you rate your memoryexcellent, good, fair, or poor?" Unfortunately, this question needed to accurately assess memory.' P On the other hand, n~t .~~J~ NOVEMBER 2000-VOL. 48, NO. 11
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can be understood in one of two ways. A subject may believe either that he or she is being asked about memory skills relative to others or he or she is being asked about current memory skills as compared with his or her skills in the past, Although both are relevant to functioning, geriatricians are most concerned with the latter question because change reflects a pathological process that will likely lead to further decline. Therefore, it is important to obtain specific assessment of the subject's perception of memory. There are several ways to conceptualize why some people report memory difficulties in the absence of any true impairment. It is possible that they may be sensitive to subtle memory problems that are not assessed well by standard memory tests. Schmand et al.14 found that subjective memory complaints predict future cognitive decline, suggesting that a subgroup of older persons may be sensitive to prodromal manifestations of memory decline that are not reflected in current cognitive tests. OtherslS have failed to find such an association. It is also possible that memory complaints are rooted in another unrelated disturbance. For example, people with health concerns or psychiatric disturbance often report cognitive decline. Depression has received the most attention because it has been shown that people with intact memory who report impairment have higher rates of depression. [16] [17] [18] [19] It is unclear whether the memory complaint results from the general negativity of depression or whether a pathophysiological process unique to depression impairs the individual's ability to self-assess his or her memory function.
This study used a large community-based sample to examine memory complaint. We first examined the concordance between people's assessment of their own memory and their performance on tests of memory, comprehension, and orientation. For further analysis, a subject's change in cognitive performance after a 2-year interval was used to form two groups, those with the greatest improvement in performance and those with the most cognitive decline. Within these two groups, those who reported a decline in memory and those who reported no change or improvement in memory were compared with respect to demographic and clinical variables. This design allowed us to examine memory complaint in those whose memory had deteriorated and in those whose memory abilities remained stable. Using these two groups, we addressed the following questions: (1) Which demographic and clinical variables characterize individuals who do not acknowledge memory decline when their performance had actually declined? (2) Which demographic and clinical variables characterize individuals whose performance on cognitive measures have improved, but who reported memory decline? (3) Are people who report poor memory when they perform above average on cognitive measures more likely to show later cognitive decline, suggesting that they were sensitive to subtle prodromal impairment?
METHODS

Sample
AHEAD (Asset and Health Dynamics Among the Oldest OldZo ) is a companion study to the Health and Retirement SurveyZ1 and is intended to investigate the impact of changes in health status on financial management and service and public program utilization, and intergenerational transfer of assets in older people. AHEAD participants were a nationally representative, multistage probability sample of individuals.
The two sampling frames for the study were the 1991 screening of housing units enumerated for the Health and Retirement Survey and the Health Care Finance Administration's Master Enrollment file of Medicare enrollees who were living in a household. Primary respondents had to be 2 7 0 years old and, if married, their partners participated regardless of their partner's age. Although the initial sampling frame excluded institutionalized older persons, the respondents who were institutionalized after an initial assessment (Wave 1) remained in the sample and were interviewed at Wave 2, a longitudinal follow-up assessment occurring 2 years later.
The first wave of AHEAD occurred in 1993-94, the second wave in 1995-96. Wave 1 included 8406 respondents. Of these, 828 died between Wavel and Wave 2, for whom 775 family members or close acquaintances completed proxy interviews describing the circumstances of their spouse's death. Of the 7578 living at Wave 2, 7038 completed the second interview, yielding a 93% follow-up rate. Depression and cognitive measures were not administered to the respondents receiving proxy interviews at either Wavel or Wave 2 (n = 901). Proxy interviews were administered when the respondent declined an interview for any reason and a close acquaintance was willing or available. People who had poor cognitive status were not systematically selected for proxy interviews, although it is possible that the more impaired respondents would be more likely to refuse further participation in interviews. Because this study was interested in memory complaint in people aged 270, spouses younger than 70 (n = 678) were excluded. In addition, 15 subjects did not provide information on the key variables of interest, thereby limiting the sample size for analyses to 5444. Sample sizes for specific analyses varied as a result of missing data on key variables for some respondents. The AHEAD 2 data set is a preliminary data set intended for public release in 2000.
Whereas people aged 70 to 79 were interviewed by telephone, those persons aged 280 were interviewed in person. All participants provided verbal informed consent and internal ethics review board approval was obtained. Interviewers underwent a 1-week training session conducted at the University of Michigan Survey Research Center. Interviewers conducted several trial interviews and received extensive feedback before they were authorized to conduct interviews in the field. All interviews collected in the field were reviewed by an interview supervisor.
Cognitive Measures
Cognitive measures were administered in all nonproxy interviews at both Wave 1 and Wave 2. The measures were the same in both waves, allowing for longitudinal analysis. There was a slight alteration in content, specifically for measures of recall, to minimize learning effects.
At both Wave 1 and Wave 2, the respondents were asked before the administration of the cognitive measures, "How would you rate your memory at the present time? Would you say it was excellent, very good, good, fair, or poor?" At the Wave 2 interview, the respondents were asked the same question and they were also asked, "Compared with (date of Wave 1 interview), 2 years ago, would you say your memory is better now, about the same, or worse now than it was then?'' The participants were then administered the cognitive measures.
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The development of the AHEAD cognitive measures were derived from the psychological research on intelligence and cognition as well as geriatric and neurological research on dementia." Many of the measures were adapted from the Telephone Interview for Cognitive Status which was modeled after the Mini-Mental State Examz4 to be administered over the telephone. The original TICS correlated highly (Pearson Y = .94) with a Mini-Mental Status Exam administered directly, and the TICS had a sensitivity of 94% and a specificity of 100% in discriminating between 16 patients with Alzheimer's disease and 33 normal control patient^.'^ The full cognitive assessment included:
1. The Serial 7s test of working memory. One point was given for each correct subtraction from 100 in increments of 7 for a maximum of 5 points.
2. Immediate and delayed free-recall. Ten short, concrete high-frequency nouns were read to the respondent who was asked to recall as many as possible immediately and then again after approximately a 5-minute delay. In this study, immediate and delayed recall were examined separately with scores on both measures ranging from 0 items remembered to all 10 items remembered.
3.
A modified mental status exam where respondents were asked to name the day of the week, date, including the month, day, and year; name the president and vice-president; and name the objects that "people usually cut paper with" and the "kind of prickly plant that grows in the desert." Respondents were also asked to count backward from 20 to 10. The range for the mental status measure was from 0 to 10.
The cognitive measures were examined separately and then a total score was used by summing the serial 7 , recall, and mental status scale totals. Using the total cognitive score as a summary, the measure was validated in a prior study that found the clinical and demographic correlates of the total score to be comparable with those of the individual scales." Cognitive decline was calculated by subtracting the Wave 1 total cognitive score from the Wave 2 total cognitive score.
Psychiatric Measures
History of a major depressive syndrome was determined using a short form of the Composite International Diagnostic Interview (short-form CIDI), a structured interview originally developed by the World Health Organization:' which was subsequently adapted for the National Comorbidity Study.26 The short-form CIDI consists of the symptoms that best predicted caseness on the full UM-CIDI using logistic regression (R. Kessler, D. Mroczek, Information on the development of mental health screening scales for the US National Health Interview Survey, unpublished data). It assesses eight of the nine possible associated symptoms required for the diagnosis of a depressive episode by DSM-IV criteria." The major difference between this measure and the full CIDI is that motor slowing was not assessed and the exclusionary criteria for medical illness and bereavement were not applied. The threshold of five or more symptoms, one of which must be depressed mood or anhedonia and a 2-week duration was required for diagnosis. A 1-year prevalence, not lifetime prevalence, was assessed.
A revised 8-item version of the Center for Epidemiologic Studies-Depression Scale (CES-D) was also administered.28 A prior analysis of the AHEAD data showed that the revised CES-D had adequate internal reliability (Cronbach's alpha = r = .78) and a comparable factor structure and distribution to the larger full-item scale. 29 The revised CES-D contained a simple yedno format for each question. Each subject was asked to endorse the item if he or she experienced the symptom "much of the time during the past week."
Health Measures
At both Wave 1 and Wave 2, the participants reported whether they had been previously diagnosed with cancer, diabetes, high blood pressure, lung disease, heart problems, stroke, and/or arthritis by a physician or other healthcare provider. In the service of brevity, health status was quantified as the total number of medical illnesses endorsed by the subjects.
Functional Status
Measures of the respondent's functioning on activities of daily living (ADLs) and instrumental activities of daily living (IADLs) were assessed. In the ADL assessment, the respondents reported whether they needed help walking, dressing, bathing, eating, getting into bed, and using the bathr~om.~' These items were selected based on the original instrument described by Katz et 
In this study, the respondents were coded categorically as having any versus no difficulty in ADLs and IADLs. A dichotomous model was selected over a scale based on the number of ADLs or a composite of both the number and degree of difficulty in ADLs. Prior analyses, using such continuous models, yielded results which were similar to those reported in this article based on the dichotomous scale but they were less interpretable because 75% of the sample reported no difficulty in ADLs and 66% reported no difficulty in IADLs. The mean number of ADLs for the entire sample was 0.52 and the mean for IADLs was 0.59; the comparisons based on the means were difficult to conceptualize for clinical practice. Therefore, the results were presented using a dichotomous model of impairment in ADLs and IADLs.
Statistical Analysis
Analysis of variance was used to compare continuous scores on each of five cognitive measures between the five categorical groups based on the subjects' reports of their memory abilities. Comparisons between subjects who reported memory decline and those who reported stable or improved memory were made using t test for continuous variables and chi-square tests for categorical variables. The analysis of whether memory complaint at Wave 1 predicted decline by Wave 2 used a t test to compare a continuous measure of decline between the two groups. In addition, a general linear model compared decline between the two groups although controlling for actual cognitive score at Wave 1. To control for multiple comparisons and large sample size, a significance level was set at P < .001. All tests were two-tailed.
RESULTS
Can People Assess Their Own Memory?
The means and standard deviations for the entire Wave 2 sample on cognitive measures are presented in *F (4,5439) = 51.0, P C .001; +F (4,5439) = 61.7, P < .001; *F (4,5439) = 54.4, P < ,001; SF (4,5439) = 65.9, P < .001; *F (4,5439) = 94.9, P < .001.
Note: Groups based on self-rating of memory were compared on each of five cognitive measures using analysis of variance.
total sample is categorized according to how the participants rated their memory. There was an association between selfrating of memory and actual scores for each measure and for the total cognitive score. The respondents who rated their memory as "fair" or "poor" had lower scores than those who rated their memory as "good," "very good," or "excellent."
The total sample mean always fell between the mean for those rating their memory as "good" and those rating their memory as "fair." However, those who rated their memory as "excellent" did not necessarily perform better than those who rated their memory as "very good" or "good."
The participants' memory assessment corresponded to their cognitive performance overall. However, for those who inaccurately assessed their memory, they tended to underestimate their impairment. Table 2 includes the total cognitive score grouped into quartiles adjacent to the percentage of respondents in each of those quartiles who reported "good," "very good," or "excellent" memory. Once again, there was a clear association between self-rating of memory and actual performance. The percentage of respondents who reported "good," "very good," or ''excellent'' memory decreased as the percentile ranking decreased. However, it should be noted that 57% of the subjects in the lowest quartile stated that their memory was "good," "very good," or "excellent."
A similar analysis was conducted using the subjects' responses to the question about cognitive decline. The question about cognitive decline was less ambiguous because it specifically asks the subject to compare their current memory with their memory in the past. The subjects tended to minimize impairment even when they categorized the sample using the quartiles based on decline in cognitive score since Wave 1 (Table 3) . Of those who showed the most cognitive decline, 76% reported stable or improved memory when compared with Wave 1.
What Characteristics Define Those with Poor Metamemory ?
The two types of inaccuracy discussed in the introduction were examined: (1) failure to perceive memory decline when it has occurred, and (2) perceived impairment in the presence of intact cognition.
A measure of cognitive change was derived by subtracting Wave 1 total cognitive score from Wave 2 total cognitive score. On average, the sample showed a slight decline on their total cognitive score, with a mean change between Wave 1 and Wave 2 of -0.34 (SD = 4.3; range, -21 to +18). The respondents who scored within the lowest 10th percentile on this change score (a decrease of 2 6 points on the total cognitive measure) were divided into two groups: (1) those who endorsed "the same" or "better" memory, and (2) those who endorsed that their memory was "worse". A decline of 2 6 points is equal to about 1.5 SD below the mean for the entire sample. Because this subgroup was selected based on a substantial decline in their cognitive scores, those who said their memory was "good" or "better" did not acknowledge their cognitive decline and were, therefore, less accurate. and presence of a chronic medical illness (, $ = 3.4, df = 1, P = .06) did not differ between the two groups ( Table 4) . Age (t-equal variance (df= 547) = -2.47, P < .02) did not reach the a priori threshold for significance, suggesting the possibility of an association between age and memory complaint, albeit a weak one. In contrast, people whose functioning on ADLs (2 = 28.2, df = 1, P < .001) and IADLs (, $ = 18.7, df = 1, P < .001) was still intact did not acknowledge their memory decline. In addition, those who did not acknowledge memory decline had fewer depressive symptoms (t-unequal variance (df= 230) = -4.18, P < .001) than those who did.
Differences between the rates of syndromal depression (, $ = 4.6, df = 1, P < .03) did not reach the threshold for significance. A similar pattern was found for those who reported impairment although they improved the most on the total cognitive score since Wave 1 ( Table 5) . On average, this group's total cognitive score improved 7 points between Wave 1 and Wave 2. This is equal to an improvement of about 1.5 SDB above the mean for the total sample. Nonetheless, 17% reported that their memory declined between interviews. Once again, demographic variables did not differ between groups, but depressive symptoms (t-unequal variance (df= 122)= -4.4, P < .001), more so than syndromal depression (, $ = 6.1, df= 1, P < .Ol), was a strong predictor of memory complaint. Functioning on ADLs (2 = 29.7, df = 1, P < .001), but not IADLs (2 = 3.0, d f = 1, P < .08) was strongly associated with memory complaint.
Does Perceived Impairment Predict Future Deterioration?
For this analysis, we wanted to test whether those who do not show any indication of impairment but do report poor memory are more likely to show decline. Therefore, we needed to limit the sample to those with no evident impairment on the total cognitive measure. Only the 3011 participants who scored at or above the mean score of 20 on the total cognitive measure for Wave 1 were included. Of these 301 1 participants, 536 (17.8%) reported at Wave 1 that their memory was fair or poor. These 536 did have greater cognitive decline between Wave 1 and Wave 2 (mean = -1. -equal variance = 3.8, df = 3009, P < .001) . The participants who were above average on the total cognitive score at Wave 1 yet reported poor memory did have lower scores on the Wave 1 total cognitive measures (" fair/poor" memory group, mean = 23.2; SD = 2.8; "good" or "better" group, mean = 24.1; SD = 3.1; t-unequal variance = 5.9; df = 857; P < .001). Therefore, a multiple regression was conducted where change in cognitive score between Wave 1 and Wave 2 was the outcome variable and two measures, self-assessment of memory and actual score on the cognitive measure at Wave 1, were the explanatory variables. Self-assessment of memory (t = -6.7, df = 1, P < .001) was a significant predictor of cognitive decline even after controlling for actual cognitive performance at Wave 1 (t = -21.2, df = 1, P < .001).
DISCUSSION
In general, people's assessment of their memory corresponded to their actual performance on cognitive measures in this large community sample of adults aged 270. However, large portions of this sample inaccurately assessed their memory decline. People who are functioning well on ADLs and who do not suffer depressive symptoms minimize actual memory decline. In contrast, people whose memory remains stable or improved but suffer disability and depressive symptoms report memory decline inaccurately. These findings offer a unique perspective because depression and functional impairment predicted memory complaint for people at both high and low levels of cognitive functioning.
This study differs from many earlier studies of memory because it used a large community sample, rather than a clinical sample. Differences in sample composition may account for the discrepant findings from prior studies about memory complaint. People in this community sample seem to be able to assess their own memory abilities. The mean on all cognitive measures always fell between people reporting "good" memory and people reporting "fair" memory. This finding suggests that people are aware of how their memory compares with others and that they are able to make the connection between their everyday difficulties with memory and the concept of memory represented in cognitive tests. The conditions that tended to skew people's self-assessment such as depression and impaired independent functioning are the ones that led them to seek treatment. Therefore, clinicians are more likely to come into contact with older people who are poor judges of their own memory which may give the general impression that most older people cannot assess their own cognitive skills.
Depressive symptoms were associated with a greater likelihood of reporting memory impairment. The stronger association between the revised CES-D measure of depressive symptoms and memory impairment as compared with the short-form CIDI may result from the fact that this scale measures depression for the week before the interview and is, therefore, more current than the short-form CIDI, which assesses depression occurring at any time during the year before the interview. However, it may also reflect the superiority of a continuous measure in capturing clinically significant depressive affect in an older population.
The importance of affective status and independent living skills are probably interrelated. People with loss of functioning are likely to experience demoralization that would spread to their assessment of other areas of functioning. People may not be able to make the distinction between different domains of functioning when they asked to rate their memory. It is also possible that the direct effects of depression on memory performance contributed to the findings in this study.
People who reported impairment at Wave 1 but scored above average on the cognitive test did show greater cognitive decline by Wave 2 when compared with the people who reported that their memory was intact. This finding remained significant even after controlling for differences in scores on the baseline cognitive measure. This suggests that the subjects were sensitive to cognitive impairment that was not reflected by the cognitive measures at Wave 1.
This study had some methodological limitations that must be considered when interpreting these results. In AHEAD, institutionalized individuals were not recruited in Wave 1 of the study, although they remained in the sample if they were institutionalized between Wave 1 and Wave 2. In addition, it is possible that proxy interviews were more common for those who were already experiencing early dementia and did not participate in the full interview. Therefore, a group of individuals with dementia may have been systematically screened out of the sample, making it less representative of the full range of cognitive functioning seen in older people.
Although the measures of memory contain items represented in most standard cognitive measures, the cognitive measures in this study are limited in scope and are not a substitute for a full cognitive assessment administered in a clinic setting. Nor did we determine dementia status. Similarly, the questions regarding self-assessment were minimal when compared with some of the more detailed scales currently in use. As with any large community study, the quality of assessment was limited by the logistic demands of assessing 5000 individuals sampled from the entire United States.
This study suggests that people's self-assessment of memory is influenced by their functioning in a wide range of domains. Clinicians should be aware that self-assessment of memory is influenced by many conditions that bring people to treatment such as impairment. When a cognitively impaired person denies memory loss, intervention by a clinician can be extremely beneficial in terms of implementing appropriate safety measures and offering support. It may be difficult for some to understand that although they are physically capable of cooking, driving, or traveling, doing these tasks poses a potential risk that may often necessitate involvement of family or caregivers in maintaining their safety. Conversely, people with poor health or limited independent functioning should be heartened to learn that this does not necessarily mean that their "mind is going." Older persons at both the high and low end of cognitive functioning would benefit from such education so that they can engage in tasks appropriate for their level of functioning.
